Lichens, are symbiotic organisms of fungi and algae and synthesize characteristic secondary compounds. The genus Parmotrema is typically characterized by large foliose thalli with broad lobes, pored epicortex, broad marginal zone, thick-walled hyaline ellipsoid ascospores, sublageni form and with or without marginal cilia. The distribution of more than 220 species were found out of 350 known species in tropical regions\[[@ref1]\]. Species of Parmotrema have also been reported for antimicrobial\[[@ref2]\] and antioxidant\[[@ref3][@ref4]\] properties. *Parmotrema reticulatum*, was first described by Taylor (1836; as Parmelia reticulate Taylor) based on the reticulated maculae of the upper surface, and the species was characterized by marginal soralia, a black lower surface and simple to squarrose rhizines\[[@ref5]\]. *P. reticulatum* occur in abundance in Dima Hasao Hills district of Assam, North-East, India. Besides, lichen metabolites exert a wide variety of biological actions including antiviral, antiinflammatory, antimycobacterial, antipyretic, analgesic, antiproliferative and cytotoxic effects\[[@ref6]\]. The natural source of antibacterial components always has low toxicity and side effects to the human body and they produce effects similar to the body mechanisms. Usnic acid is an important constituent of lichen products. It is a yellow pigment, dibenzofuran derivative produced in upper cortex of many species. Usnic acid is effective antibiotic against Gram-positive bacteria including, Pneumococcus, Streptococcus and other bacteria *Mycobacterium tuberculosis*\[[@ref7]\]. In previous reported work, a HPLC analysis was reported to identify the presence of flavonoids by comparing the retention time of reference compounds. The four major compounds were identified and having same retention time corresponded to the chromatographic patterns of purpurin, catechin, tannic acid and reserpine in alcoholic extract\[[@ref4]\]. The amount of flavonoids in the lichen extracts was reported as 1.54 and 1.49 μg for ethanol and methanol extracts\[[@ref8]\]. The aim of present study was to evaluate *in vitro* antibacterial activity on gram negative and gram positive bacteria and antiinflammatory activity of *P. reticulatum* extracts on various *in vivo* mice models.

MATERIALS AND METHODS {#sec1-1}
=====================

The lichens specimen was collected from the trees growing around Amarkantak town and was identified from Tropical Forest Research Institute, Jabalpur (M.P.), India ([fig. 1](#F1){ref-type="fig"}). The dried lichens were powdered and extracted in soxhlet apparatus for defatting with petroleum ether. The defatted lichen material was dried and then exhaustively extracted with acetone and ethanol by continuous soxhlet extraction method. The extracts were concentrated under reduced pressure to yield semisolid mass and were stored in well closed container for further study. Standard procedures for qualitative chemical screening were undertaken to characterize chemical constituents in petroleum ether, acetone and ethanol extracts i.e., alkaloids, glycosides, terpenoids, saponins, tannins and flavonoids\[[@ref9]\].

![*Parmotrema reticulatum* Taylor.](IJPhS-78-94-g001){#F1}

All reagents and chemicals were of analytical grade. Usnic acid, carrageenan, histamine, and dexamethasone were purchased from Sigma Chemical Co. (USA). Indomethacin was procured from Zydus Cadila Healthcare Ltd, India. *Bacillus subtilis* and *Staphylococcus aureus*, *Escherichia coli* and *Pseudomonasa eruginosa* were procured from Microbial Type Culture Collection and gene bank (MTCC); Institute of Microbial Technology, Chandigarh, India.

HPLC analysis of extracts: {#sec2-1}
--------------------------

The HPLC analysis of acetone and ethanol extracts were performed on Agilent 1220 Infinity LC system equipped with a reverse phase C18 column and a diode array detector. The separation was carried out using a mixture of methanol and pH 7.4 phosphate buffer (70:30 v/v) as mobile phase with a flow rate of 1.0 ml/min. The mobile phase was filtered under vacuum through a 0.45 mm membrane filter and degassed before use. The test solution was prepared by dissolving 20 mg of extract in 50 ml of methanol and solutions were passed through 0.45 μm filters then injected 20 μl into the HPLC system. Each analysis was carried out in triplicate. A stock solution of 1 mg/ml usnic acid was prepared in methanol and appropriate dilutions of this stock solution were made. Quantification was performed on the basis of a linear calibration plot of peak area against concentrations of the standard. Identification of usnic acid was made at 245 nm by the comparison of the retention times with pure standard.

Antibacterial activity: {#sec2-2}
-----------------------

The antibacterial activity was investigated against two Gram positive bacteria: *Bacillus subtilis* and *Staphylococcus aureus*, two Gram negative bacteria: *Escherichia coli* and *Pseudomonasa eruginosa*. The minimal inhibitory concentration (MIC) was determined by the broth tube dilution method. A series of dilutions with concentrations ranging from 50 to 0.004 mg/ml were made in dimethylsulfoxide (DMSO, Sigma-Aldrich) for each extract against every microorganism tested. Two fold dilutions of extracts were prepared in Muller-Hinton broth for bacterial cultures in test tubes. The MIC of petroleum ether, acetone and ethanol extracts of *P. reticulatum* on various bacterial strains were determined using a rapid p-Iodonitrotetrazolium chloride (INT; Sigma-Aldrich) colorimetric assay\[[@ref10]\]. Briefly, the test samples were dissolved in DMSO, and the solution was added to Mueller-Hinton Broth (MHB; Sigma-Aldrich) and serially diluted two fold (in a 96-well microtilter plate). One hundred microliters of inoculums (1.5×10^6^ CFU/ml) prepared in MHB were then added. The plates were covered with a sterile plate sealer and then agitated with a shaker to mix the contents of the wells and incubated at 37° for 18 h. Wells containing MHB, 100 μl of inoculum, and DMSO at a final concentration of 2.5% served as the negative control. Streptomycin was used as positive reference standard for all bacterial strains. The MIC of each extract was detected after 18 h of incubation at 37° following addition of 40 μl INT (0.2 mg/ml) and incubation at 37° for 30 min. Viable bacteria reduced this yellow dye to pink. The MIC of each sample was defined as its lowest concentration that prevented this change and then resulted in the complete inhibition of microbial growth\[[@ref11]\]. Each assay was performed three independent times in triplicate.

Experimental animals: {#sec2-3}
---------------------

The healthy albino mice of either sex (20-25 g) with no prior drug treatment were used for *in vivo* studies. The animals were fed on a commercial pellet diet (Hindustan Lever, Bangalore, India), and water *ad libitum*. The mice were acclimatized to laboratory hygienic conditions for 7 d before starting the experiment. The animal experimentation was performed according to permission of Institutional animal ethical committee (Registration No. GRKIST (P)/406/02/IAEC/16A).

Acute toxicity study: {#sec2-4}
---------------------

The acute toxicity study of *P. reticulatum* was conducted according to standard guideline\[[@ref12]\]. The animals of female sex mice were divided into 4 groups (3 mice per group) for each extract after a single oral dose. Animals were kept in their cages to allow for acclimatization to the laboratory conditions for at least 5 days prior to dosing. Each extract (0.5, 1, 2, and 4 g/kg) was mixed in 0.5% Tween-80 solution and administered orally. All experimental animals were fed with standard diet and clean water *ad libitum* and kept under observation. The mortality or behavioral changes, including hyperactivity, tremors, ataxia, convulsions, salivation, diarrhea, sleep, and coma, were regularly observed for 14 d.

Cotton pellet-induced granuloma: {#sec2-5}
--------------------------------

For study of antiinflammatory activity, animals were divided into eight groups of five mice in each group for each *in vivo* model. Group I acted as control and fed only vehicle. Group II and III were given petroleum ether extract in 200 and 300 mg/kg, respectively. Group IV and V were given acetone extract in 200 and 300 mg/kg, respectively. Group VI and VII received ethanol extract in 200 and 300 mg/kg, respectively. Group VIII was given indomethacin, (10 mg/kg, p.o.) for comparison. All extracts were suspended in distilled water for oral administration.

The antiinflammatory activity against chronic inflammation was tested using cotton pellet granuloma method in mice\[[@ref13]\]. Granulomatous lesions were induced by surgically inserting sterile cotton pellets (15±1 mg) subcutaneously in axilla region of each mouse following a single incision which was thereafter closed by interrupted sutures. After implantation of pellets, the petroleum ether, acetone and ethanol extracts (200 and 300 mg/kg) were orally administered once a daily for 7 consecutive days. Indomethacin (10 mg/kg, p.o.) was also given daily to standard group while the control group received the same volume of vehicle. On day 8th, the cotton pellets were dissected out under ether anesthesia, cleaned of extraneous tissue, weighed and dried at 50° to a constant weight. The mean weight of tissues from different groups was determined. The increase in dry weight of the pellets was taken as the measure of the granuloma formation.

Xylene-induced ear swelling in mice: {#sec2-6}
------------------------------------

The antiinflammatory activity against acute inflammation was tested by using xylene-induced ear edema method in mice\[[@ref14]\]. The treated groups of mice were same as in cotton pellet model and were administered test samples 1 h before xylene application. Ear edema was induced by applying carefully a drop of xylene (0.03 ml) to the anterior and posterior surfaces of the right ear. The left ear was considered as control. One hour after xylene application, the animals were killed under ether anesthesia and 6 mm punches were made in the right and left ear of each mouse using a borer. Each ear punch was weighed and differences between the weight of the right and left ear punches of mice were recorded. The increase in weight caused by the irritant was measured by subtracting the weight of the control left ear section from that of the test right ear section.

Carrageenan-induced paw edema: {#sec2-7}
------------------------------

The carrageenan induced edema in the hind paw of mice was produced by the subplantar injection of 0.1 ml of a 1% carrageenan suspension in normal saline\[[@ref15][@ref16]\]. Test extracts (200 and 300 mg/kg) and vehicle (10 ml/kg) were given orally 1 h prior to carrageenan injection. Paw volume was measured immediately after the carrageenan injection, at 30 min interval for 3 h later and the difference from initial volume was taken as the edema volume, which was compared to standard.

The inhibition of inflammation was calculated using the following formula: ![](IJPhS-78-94-g002.jpg), where, V~t~ is the paw volume of test group and V~c~ is the paw volume of control group.

Histamine-induced paw edema: {#sec2-8}
----------------------------

Paw edema was induced after 1 h by subplantar administration of 0.1 ml histamine (0.001 mg/ml) on the right hand paw\[[@ref17]\]. The linear paw circumference was measured initially and after every 30 min up to 3 h. Test groups were treated with the petroleum ether, acetone and ethanol extracts (200 and 300 mg/kg, p.o.), reference group with indomethacin (10 mg/kg, p.o.), and control group with vehicle prior to the histamine administration. The inhibition of inflammation was calculated using the following formula: ![](IJPhS-78-94-g003.jpg), Where, V~t~ is the paw volume of test group and V~c~ is the paw volume of control group.

Carboxymethylcellulose sodium-induced leukocyte emigration in mice: {#sec2-9}
-------------------------------------------------------------------

In the study of carboxymethylcellulose sodium (CMC Na)-induced leukocyte emigration, initially petroleum ether, acetone and ethanol extracts (200 and 300 mg/kg) were given orally to the respective group of mice and after 1 h, 1.5% CMC Na solution (375 mg/kg) in normal saline were injected intraperitoneally to all mice. The mice were sacrificed by cervical displacement after 4 h and 5 ml of normal saline was injected into the peritoneal cavity. The washing solution was collected. The peritoneal fluid (50 μl) was mixed with 0.45 ml of Turk\'s solution (0.01% crystal violet in acetic acid) and leukocyte cells were counted under a microscope. Dexamethasone (20 mg/kg) was administrated as a positive control\[[@ref18]\].

Statistical methods: {#sec2-10}
--------------------

In statistical analysis four independent groups with three mice per group for each extract was compared. The data were expressed as mean values ±SEM using InStat software and tested with analysis of variance followed by the multiple comparison test of Tukey--Kramer with *P*\<0.01 were considered significant.

RESULTS AND DISCUSSION {#sec1-2}
======================

The petroleum ether, acetone and ethanol extracts were taken for phytochemical and biological screening. The phytochemical results showed the presence of glycosides, terpenoids in the acetone and glycosides and flavonoids in ethanol extracts. Petroleum ether extract contains steroidal constituents. Chromatograms obtained from different extracts and standard solution ([fig. 2](#F2){ref-type="fig"}) reveals the presence of usnic acid in standard and sample solutions with having same retention time of 12.331 min. The presence of usnic acid was confirmed only in acetone extract by HPLC analysis. The amount of usnic acid was found 0.46% w/w in acetone extract of *P. reticulatum*. Usnic acid was found to be absent in ethanol extract.

![HPLC chromatogram. HPLC chromatogram of different extracts of *P. reticulatum*: (a) usnic acid (b) acetone extract (C) ethanol extract.](IJPhS-78-94-g004){#F2}

The results of antibacterial activity of *P. reticulatum* are shown in [Table 1](#T1){ref-type="table"}. The acetone extract showed antibacterial activity against *Bacillus subtilis* with MIC value of 100 µg/ml; *S. aureus* with MIC value of 100 µg/ml; *Escherichia coli* MIC value with 200 µg/ml and *Pseudomonasa eruginosa* MIC value was 200 µg/ml. The ethanol extract of *P. reticulatum* showed the antibacterial activity against *Bacillus subtilis* with MIC value of 150 µg/ml; S. aureus with MIC value of 200 µg/ml; *Escherichia coli* MIC value with 250 µg/ml and *Pseudomonasa eruginosa* MIC value was 300 µg/ml. The petroleum ether extract was showed highest MIC than other extracts. The results of the present study support the use of *P. reticulatum* to control infectious diseases caused by gram-positive and gram-negative bacteria. Some pprevious studies reported that usnic acid has antiviral activity due to transcription inhibition\[[@ref19]\]. In another study the antibacterial activity of usnic acid is reported mainly due to inhibition of DNA and RNA synthesis in all bacterial cells\[[@ref20]\]. Therefore, we suggest that antibacterial activity of acetone extract may be due to presence of usnic acid in *P. reticulatum* acetone extract.

###### 

MINIMAL INHIBITORY CONCENTRATION OF DIFFERENT EXTRACTS OF *PARMOTREMA RETICULATUM* AND STANDARD ANTIBIOTIC DETERMINED BY BROTH DILUTION METHOD

![](IJPhS-78-94-g005)

Acetone extract of *P. reticulatum* significantly reduced (*P*\<0.01) the granuloma induced by cotton pellets in mice in a dose-dependent manner ([Table 2](#T2){ref-type="table"}). The acetone extract at the doses of 200 mg/kg and ethanol extract at 300 mg/kg were showed maximum reduction on the granuloma tissue formation on implanted cotton pellets with inhibition of 73.0 and 69.0%, respectively which was compared with Indomethacin (10 mg/kg) produced inhibition 70.5%.

###### 

EFFECT OF DIFFERENT EXTRACTS OF *PARMOTREMA RETICULATUM* ON COTTON PELLET-INDUCED GRANULOMA IN MICE

![](IJPhS-78-94-g006)

The effect of different extracts of *P. reticulatum* on xylene-induced ear edema in mice was shown in [Table 3](#T3){ref-type="table"}. Oral administration of the acetone and ethanol extracts were significantly (*P*\<0.01) inhibited the development of ear edema in mice at a dose dependent manner. The inhibition produced by 300 mg/kg of ethanol extract was 69.0% and it was comparable to the inhibition produced by indomethacin (70.5%). Acetone extract showed significant inhibition at 200 mg/kg but petroleum ether does not showed significant edema inhibition.

###### 

EFFECT OF THE DIFFERENT EXTRACTS OF *PARMOTREMA RETICULATUM* ON XYLENE-INDUCED EAR EDEMA IN MICE

![](IJPhS-78-94-g007)

Lichens are symbiotic organisms consisting of fungus and a photosynthetic partner which can be either an alga or cyanobacterium. Inflammation constitutes body\'s response to injury and is characterized by a series of events that mainly occur in three distinct phases. The first phase is caused by an increase in vascular permeability resulting in exudation of fluids from the blood into the interstitial space; the second phase involves the infiltration of leukocytes from the blood into the tissue and third phase is characterized by granuloma formation and tissue repair\[[@ref21]\]. Therefore, it is vital to estimate the activities of the test substance in different phases of inflammation, while evaluating the antiinflammatory effect. Accordingly, acetone and ethanol extracts of *P. reticulatum* were investigated for antiinflammatory potential using acute exudative (xylene induced ear edema) and chronic proliferative (cotton pellet granuloma) inflammation models\[[@ref22]\]. Moreover, the ear edema associated with xylene involves inflammatory mediators such as histamine, kinin, and fibrinolysin\[[@ref23]\]. The significant inhibition of xylene-induced ear edema in mice treated with lichenprovides a probability that the active principles in the extract could reduce the release of inflammatory mediators such as histamine, kinin and fibrinolysin or antagonize the actions. The present results were indicated that acetone and ethanol extracts of *P. reticulatum* were significantly inhibited edema and granuloma mass in xylene induced ear edema and cotton pellet study, respectively. This leads to the dilation of arterioles and venules and may increase vascular permeability\[[@ref24]\].

Cotton pellet granuloma model has been widely used to evaluate the transudative, exudative, and proliferative components of chronic inflammation. Transudate phase causes increase in the wet weight of the cotton pellet while hosting inflammatory response to the implanted cotton pellet between 3 and 6 d causes granuloma formation. Therefore, increase in dry weight is considered as a measure of proliferative component of inflammation\[[@ref25]\]. Acetone and ethanol extracts were showed antiinflammatory effects in acute inflammatory tests with different efficacy. This lichen may have a membrane stabilizing effect that reduces capillary permeability or has inhibitory effects on the release of mediators. In higher doses, the antiinflammatory efficacy, especially for the acetone extract, was decreased. This might be related to some constituents in the extracts that oppose against antiinflammatory activity. The extracts reduced cotton pellet-induced granuloma, thereby suggested its activity in the proliferative phase of the inflammation. Other studies have demonstrated that various flavonoids such as quercetin, luteolin, hesperidin produce significant and antiinflammatory activities\[[@ref26][@ref27]\]. Therefore, it could be suggested that the antibacterial and antiinflammatory effects of the ethanol extract of *P. reticulatum* may be due to their contents of flavenoids.

The paw edema of mice increased progressively and reached its maximum after 120 min of carrageenan injection. The ethanol extract was reduced carrageenan-induced inflammation significantly (*P*\<0.01) at dose of 300 mg/kg as compared to the control group, but reduced low percent at a dose of 200 mg/kg ([Table 4](#T4){ref-type="table"}). The acetone extract was showed a significant inhibition of paw edema at 200 mg/kg.

###### 

EFFECT OF THE DIFFERENT EXTRACTS OF *PARMOTREMA RETICULATUM* ON CARRAGEENAN-INDUCED PAW EDEMA IN MICE

![](IJPhS-78-94-g008)

Carrageenan-induced paw edema in mice has been accepted as a useful phlogistic tool for investigating antiinflammatory agents. Serious signs of inflammation develop immediately following subcutaneous injection, resulting from action of pro-inflammatory agents. The development of edema is a biphasic event: The early phase (0--2.5 h after carrageenan injection) involves the release of inflammatory mediators like histamine, serotonin and bradykinins; the late phase (3--6 h post-injection) is associated with the release of prostaglandins\[[@ref28]\]. In the present study, both extracts and standard significantly inhibited the paw edema during the early phase of inflammation, indicating that the extract and standard may be blocks histamine and serotonin release within the early phase. This suggested that the acetone and ethanol extracts were exhibits its antiinflammatory action by inhibiting the synthesis, release or action of histamine.

Histamine is a potent vasodilator substance which increases vascular permeability. In order to confirm the results obtained from the carrageenan-induced edema test, the effect of all extracts at the dose of 200 and 300 mg/kg were investigated using histamine-induced edema models. The results were showed that the ethanol extract at dose of 300 mg/kg was significantly (*P*\<0.01) suppressed the edema produced by histamine but had a low effect on the edema by dose of 200 mg/kg ([Table 5](#T5){ref-type="table"}). The acetone extract was reduced edema significantly at 200 mg/kg. Petroleum ether extract was not inhibited significantly paw edema. Thus an increase in percent inhibition by the acetone extract may be due to presence of usnic acid into the extract, whereas the effect of ethanol extract may be due to synergistic effect of flavonoids constituents in the extract.

###### 

EFFECT OF THE DIFFERENT EXTRACTS OF PARMOTREMA RETICULATUM ON HISTAMINE-INDUCED PAW EDEMA IN MICE

![](IJPhS-78-94-g009)

Usnic acid is a chemical class of dibenzofurandiones commonly occurring in Lichens. Additionally, usnic acid has antiinflammatory activity comparable to the synthetic agent ibuprofen\[[@ref29]\]. It has already reported that usnic acid could inhibit TNF-α, IL-1β and IL-6 in LPS-stimulated cell lines. These pro-inflammatory cytokines and mediators have potential role in acute or chronic inflammatory disorders\[[@ref30]\].

It was observed that acetone and ethanol extracts were capable of inhibiting edema induced by histamine. It can be suggested from these studies that the effectiveness for suppression of edema is due to the ability of extract to either inhibit the synthesis, release or action of histamine involved in the inflammation. Chronic inflammation is the reaction arising when the acute response is insufficient to eliminate the proinflammatory agents. Chronic inflammation includes proliferation of fibroblasts and infiltration of neutrophils with exudation of fluid. It occurs by means of development of proliferative cells which can either spread or form granuloma\[[@ref31]\].

CMC Na significantly enhanced leukocyte emigration in the mice peritoneal cavity. Ethanol extract of *P. reticulatum* dose-dependently inhibited leukocyte emigration with inhibition percentage of 66.20% at the dose of 300 mg/kg, which was comparable to the reference group ([Table 6](#T6){ref-type="table"}). Acetone extract was produce 60.83% inhibition at dose of 300 mg/kg.

###### 

EFFECT OF EXTRACTS ON CARBOXYMETHYL CELLULOSE SODIUM-INDUCED LEUKOCYTE EMIGRATION IN MICE

![](IJPhS-78-94-g010)

For the consideration of essential role of the migration of leukocytes to inflammatory area, CMC Na-induced leukocytes emigration was also used in this study. The data showed that the acetone and ethanol extract of *P. reticulatum* significantly suppressed on leukocytes emigration, which was comparable to that of dexamethasone, and the inhibition was also obviously enhanced with the dose raised. In future, detail pharmacological and chemical studies are needed in order to characterize the mechanism responsible for the antiinflammatory action and also to identify other active constituents present in *P. reticulatum*.

The results were showed significant antiinflammatory activity at 200 and 300 mg/kg dose of acetone and ethanol extracts, respectively. The results can be concluded that the significant activity may be due to presence of flavanoids in ethanol and usnic acid in acetone extract, respectively. In conclusions, these results were revealed the acetone and ethanol extracts of *P. reticulatum* showed antiinflammatory activity significantly, via inhibiting vascular permeability and leukocyte transmigration, which might be connected with the reduction of release of inflammatory mediators.
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